Studies have been performed of the effects on resonant slow extraction due to the presence of sextupole components in the bending magnets of a high field superconducting accelerator.
We report here on the findings of these studies, The accelerator model used is that in the cold magnet synchrotron (CMS) design-l We sketch the basic lattice and superperiod structure in Fig. 1 What happens is as follows:
Resonant extraction is attained with a set of sextupoles (four in this case), giving a 22nd harmonic (u 1-7-l/3 at extract ion), and causing the betatron oscillation amplitude to increase with time.
However, the presence of a zeroth harmonic sextupole distribution has the effect of :;hifting the u value away from the resonance as the betatron amplitude increases."
Thus, for sufficiently large values of b, particles become retrapped and cannot be extracted. When looked at in particle phase space, the presence of a large enough value of b shows up as a distortion of the separatrix (which is the trajectory along which particles are extracted under ideal conditions), as can be seen in Fig. 2 . This effect can be corrected by removing the sextupole component, b, in each magnet, Another and more practical way of achieving this correction is to use compensating sextupole magnets, For the CMS, it is proposed to use 48 such sextupoles, located at vertical @ function maxima. However, one must also consider the fact that the sextupole component causes a u variation with average radius, R. As the bending magnets saturate, i.e., as b increases, av/aR which is proportional to b, increases, for the beam.3 thus limiting the available aperture Now, if discrete sextupole magnets (rather than pole face windings) are used as compensating devices, the corrections for the two effects, i.e., the v variation with average radius and with betatron amplitude during resonant extraction, require different sextupole magnet strengths .2 That is, correcting au/aR leaves a v variation with amplitude during extraction. In order to correct the remaining part of the U versus betatron amplitude effect, an independent correction * Work performed under the auspices of the U.S. Atomic Energy Commission.
device is needed. This is provided by a zeroth harmonic octupole distribution,4 which we obtain with 4 octupole magnets of equal strength, evenly distributed around the CMS ring.
The various correcting elements added to the lattice are shown in Fig. 1 , while the results obtained for the case of a lattice magnet sextupole component of magnitude b = 8/m2 = y&/in." are shown in Fig. 2 , Actually, although we do not show the results here, we have been able, by the method given, to compensate for b up to 12/m2 x 3/4?0/in.2.
The errors in the coil positioning within the mgnet aperture present a slightly different problem, In Ref. 5 we show how to convert random coil positioning errors into random errors in the harmonics of the scxtupole field, It has been found that very small random errors in the coil positioning, of the order of .OOl in. rms, can produce random errors in the harmonics of the sextupole field which are large enough to interfere seriously with the slow extraction system, It thus appears necessary to have a correction system to compensate for the effects due to random errors in the coil positioning . For any given distribution of these errors, we denote by b the maximum sextupole component occurring in the bending magnets. There are two main effects of this type of error which must be considered, since the errors in the magnets are random, First, then all sextupole harmonics are produced.
In particular, the resonant harmonic, the 22nd for the CMS, results, Since the locations of the extraction septa are fixed, we must have control over the phase of the resonant harmonic.
Also, the spiral pitch6 of extraction must be maintained, and this is determined by the strength of the resonant harmonic.
Thus we have as correction elements two sets of extraction sextupoles (4 magnets in each set) whose strengths we denote g, and gc. In the case of no random errors, gc = 0. The second difficulty occurs as a result of the non-resonant harmonics, which will combine to produce a distortion of the separatrix.
It has been shown that the dominant distorting term can be removed by a zeroth harmonic octupole distribution.4'5
We show in Fig. 3 the results of this correction procedure for a case with b = S/m', although we have been able to obtain adequate correction for b up to 10/m2. This last number corresponds to an rms error in the coil positioning of cc>rmS = 0.008 in.
In conclusion, we set the following tolerances: For the sextupole component of the dipole magnet which results from saturation we set an upper limit b 6 3/4%/in.2, where x is the radial displacement from the center of the bending magnet in the median plane; while for the tolerance on coil positioning, we have an rms error limited by <c>,.~~ 5 0,008 in. The value of the sextupole moment, b = (1/2B) a2B/ax2 is the same for each magnet, thus leading to a uniform azimuthal distribution.
The sextupoles providing the proper azimuthal 22nd harmonic for extraction have integrated strength gs. The superperiod sextupoles which can eliminate the LJ variation with average radius have strength denoted gR. The octupole magnets for correction of the non-resonant distortions have integrated strength t. The off-resonance u value corresponds to a separatrix (triangular region) size which is equivalent to a beam radius of l/3 cm.
u -Unstable fixed points. s -Stable fixed point (equilibrium orbit).
In ( vary from magnet to magnet with the limiting The two groups of sextupole magnets that ensure the proper azimuthal 22nd harmonic have integrated strengths g, and g,.
The octupole magnets for the correction of the non-resonant distortions have integrated strength t. The off-resonance U value corresponds to a separatrix (triangular region) size which is equivalent to a beam radius of l/3 cm. 
